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ABSTRACT 

A r ev iew of t h e  O r b i t a l  Workshop and M i s s i o n  A A P  1-2 
from a t h e r m a l  v i e w p o i n t  i n d i c a t e s  there  a r e  few s i g n i f i c a n t  
d i f f e r e n c e s  be tween t h e  POP and GG a t t i t u d e  o r i e n t a t i o n s .  
t h e r m a l  c o n s i d e r a t i o n s  that a r e  s i g n i f i c a n t  f a v o r  FOP. 
and bu lkhead  leaks a r e  lower  i n  POP, and  t e m p e r a t u r e s  a t  t h e s e  
p o i n t s  a r e  less l i k e l y  t o  cause  c o n d e n s a t i o n  or exceed  a s t r o n a u t  
t o u c h  l i m i t s .  
as o r  h i g h e r  t h a n  i n  t h e  GG co ld  c a s e .  Cold-case  r e q u i r e m e n t s  
for e l e c t r i c a l  h e a t i n g  o c c u r  d u r i n g  t h e  p e r i o d  o f  h i g h  a v a i l a b l e  
power i n  POP and low a v a i l a b l e  power i n  GG;  and t h e  POP c o l d e s t  
c a s e  i s  l e s s  l i k e l y  t o  o c c u r  - two times a y e a r  for POP and 16 
t i m e s  a y e a r  f o r  G G .  
t h e  means for t h e r m a l  c o n t r o l ,  p r o b a b l e  a c c u r a c y  of t h e r m a l  p r e -  
d i c t i o n s ,  r e q u i r e m e n t s  f o r  t e s t i n g ,  or e f f e c t i v e n e s s  of  t e s t i n g .  

Those 
P e n e t r a t i o n  

The t e m p e r a t u r e s  i n  t h e  POP c o l d  c a s e  a r e  t h e  same 

No s i g n i f i c a n t  d i f f e r e n c e s  are found i n  
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MEMORANDUM FOR FILE 

INTRODUCTION 

The AAP 1-2 b a s e l i n e  a t t i t u d e  o r i e n t a t i o n  was 
changed from Gravi ty-Gradient*(GG) t o  P e r p e n d i c u l a r - t o -  
O r b i t - P l a n e  (POP) i n  October  1 9 6 7 .  Both o r i e n t a t i o n s  have  
a d v a n t a g e s  t h a t  a re  b e i n g  reviewed.  The  pu rpose  of  t h i s  
memorandum i s  t o  i d e n t i f y  t h e  thermal  c o n s i d e r a t i o n s  t h a t  
are d i f f e r e n t  f o r  POP and  GG and t o  assess, i f '  p o s s i b l e ,  
t h e i r  s i g n i f i c a n c e .  I n  s e v e r a l  c a s e s ,  t h i s  i s  done u s i n g  
data i n s u f f i c i e n t  f o r  a d e f i n i t e  judgment .  

T h i s  memorandum c o n s i d e r s  t h e  thermal  env i ron -  
ment and i t s  ex t r emes  d u r i n g  a 28-day, 230  NM, 28 1 / 2 O  
m i s s i o n .  O r b i t a l  Workshop (OWS) t h e r m a l  c o n t r o l  i s  cu r -  
r e n t l y  semi -pass ive ;  t h a t  i s ,  t h e  o n l y  a c t i v e  components 
are c a b i n  and d u c t  f a n s ,  h e a t e r s ,  and a s s o c i a t e d  c o n t r o l  
components.  The OWS, equipment ,  crew, and  e x p e r i m e n t s  are 
assumed t o  b e  t h e  same f o r  POP and  G G .  The pr imary  s o u r c e s  
of OWS thermal  da ta  are s t u d i e s  by MSFC and t h e  McDonnell 
A s t r o n a u t i c s  Company (MCASTRO) . 

Thermal  c o n s i d e r a t i o n s  of a t t i t u d e  o r i e n t a t i o n  
a p p e a r  i n  t h e  m i s s i o n  envi ronment ,  which d e t e r m i n e s  
o r b i t a l  i n c i d e n t  h e a t i n g  l o a d s  and i n  t h e  OWS i n t e r n a l  
l o a d s  and t e m p e r a t u r e s .  A d d i t i o n a l  p o s s i b l e  c o n s i d e r a t i o n s  
are the  d i f f e r e n t  means f o r  t h e  thermal  c o n t r o l  f o r  POP 
and G G ,  t h e  e f f e c t s  o f  having  t h e  AAP 1-2 o r i e n t a t i o n  
s imi l a r  t o  t h e  s t o r a g e  phase or AAP 3-4 o r i e n t a t i o n s ,  and  
p o s s i b l e  d i f f e r e n c e s  i n  t h e  t h e r m a l  a n a l y s e s  and t e s t s .  

* The use  o f  the term g r a v i t y - g r a d i e n t  t o  d e s c r i b e  
a v e h i c l e  o r i e n t a t i o n  i s  i n a c c u r a t e .  It c o n f u s e s  
t o r q u e  w i t h  a t t i t u d e .  S i n c e  i t  i s  w i d e l y  used  
w i t h i n  t h e  Program, GG w i l l  be  used  h e r e i n  t o  
r e f e r  t o  t he  l o c a l  v e r t i c a l  o r i e n t a t i o n  of  t h e  
a x i s  of minimum moment of i n e r t i a  i n  acco rd  w i t h  
c u r r e n t  u sage .  
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The a t t i t u d e  c o n d i t i o n s  assumed i n  t h i s  s t u d y  f o r  POP, 
G G ,  t h e  s t o r a g e  phase ,  and  AAP 3-4 are:  

Dur ing  AAP 1-2,  t h e  OWS i s  o r i e n t e d  POP w i t h  
t h e  p l a n e  of t h e  s o l a r  a r r a y  p e r p e n d i c u l a r  t o  
t h e  e c l i p t i c  p l a n e  and  s o l a r  f i x e d ;  or t h e  OWS 
i s  o r i e n t e d  GG w i t h  t h e  s o l a r  p a n e l s  a r t i c u -  
l a t e d  t o  an o p t i m m  a n g l e  f o r  a g i v e n  o r b i t  
and w i t h  a con t inuous  OWS roll r a t e  e q u a l  t o  
t h e  o r b i t a l  r a te .  

Dur ing  t h e  s t o r a g e  p h a s e ,  t h e  OWS i s  o r i e n t e d  
i n  a G G  a t t i t u d e  w i t h  t h e  p l a n e  o f  t h e  s o l a r  
a r r a y  p e r p e n d i c u l a r  t o  t h e  OWS symmetry ( X )  
a x i s .  

Dur ing  A A P  3-4, t h e  OWS and s o l a r  p a n e l s  
are s o l a r  o r i e n t e d  w i t h  t h e  OWS symmetry a x i s  
p a r a l l e l  t o  t h e  e c l i p t i c  p l a n e  and t h e  p l a n e  
of t h e  s o l a r  array p e r p e n d i c u l a r  t o  t h e  ec-  
l i p t i c  p l a n e .  

Recent  s t u d i e s  i n d i c a t e  a d d i t i o n a l  a c t i v e  thermal  
c o n t r o l  would improve OWS t h e r m a l  and humid i ty  c o n d i t i o n s .  
T h i s  memorandum does n o t  c o n s i d e r  t h e s e  p roposed  changes 
or t h e  d e t a i l s  of  t h e  c u r r e n t  OWS s t a t u s ,  e x c e p t  where a 
s i g n i f i c a n t  d i f f e r e n c e  might  b e  e x p e c t e d  between t h e  POP 
and GG o r i e n t a t i o n s . *  

* The f o l l o w i n g  documents a re  s u g g e s t e d  f o r  
d e t a i l e d  i n f o r m a t i o n  concerning thermal c ~ i i -  
t r o l  i n  t h e  OWS: OWS ECS A PDR Data Package ,  
MSFC R-PV&E, December 2 ,  1 9 6 7 ;  O r b i t a l  C l u s t e r  
Trade-of f  S tudy ,  MCASTRO, November 1 7 ,  1967; 
and Minutes  of t h e  AAP ECS/Thermal Subpane l  
Meet ings  1 t h r o u g h  7 .  
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CONSIDERATIONS 

M i s s i o n  A l t i t u d e  and D u r a t i o n  

V a r i a t i o n s  from t h e  230 NM a l t i t u d e  would change 
t h e  s o l a r  and ear th  i n c i d e n t  l o a d s .  Lower a l t i t u d e s  i n c r e a s e  
e a r t h - r e f l e c t e d  s o l a r  and earth-emitted I R  r a d i a t i o n  l o a d s  
and r e d u c e  t h e  d u r a t i o n  o f  exposure  t o  s o l a r  l o a d s .  

Changes from t h e  28-day m i s s i o n  d u r a t i o n  would change 
t h e  r a n g e  o f  e n v i r o n m e n t a l  c o n d i t i o n s  for a a i v e n  m i s s i o n  b u t  
would n o t  change t h e  wors t - case  c o n d i t i o n s  a P f e c t i n g  OWS d e s i g n .  
The r ange  of  c o n d i t i o n s  i s  d i s c u s s e d  i n  t h e  s e c t i o n  I n f l u e n c e  
o f  Angle B .  

The thermal e f f e c t s  f o r  t h e  POP and GG a t t i t u d e s  o f  
small v a r i a t i o n s  i n  m i s s i o n  a l t i t u d e  and d u r a t i o n  are  n o t  
e x p e c t e d  t o  be  s i g n i f i c a n t l y  d i f f e r e n t .  

Values  o f  S,  EA,  EIR, a, and E 

A r ange  o f  v a l u e s  f o r  e n v i r o n m e n t a l  and s u r f a c e  
c o a t i n g  c h a r a c t e r i s t i c s  i s  a p p l i e d  t o  e s t ab l i sh  w o r s t - c a s e  
c o n d i t i o n s  f o r  a n a l y s i s .  For example,  l o w e s t  v a l u e s  o f  t h e  
solar c o n s t a n t ,  ea r th  a l b e d o ,  and ear th-emi t ted  I R  are  used  
w i t h  u n f a v o r a b l e ,  degraded  v a l u e s  o f  s u r f a c e  a b s o r p t i v i t y  and 
e m i s s i v i t y  ( a n d  minimum i n t e r n a l l y  g e n e r a t e d  h e a t )  t o  d e t e r m i n e  
t h e  w o r s t  c o l d  c a s e .  
meter ex t r emes  are  n o t  expec ted  t o  b e  s i g n i f i c a n t l y  d i f f e r e n t  
f o r  t h e  two o r i e n t a t i o n s .  

The e f f e c t s  o f  v a r i a t i o n s  o f  these  p a r a -  

OWS Equipment,  C r e w ,  and Exper iments  

t h e  equipment ,  crew, and expe r imen t s  a re  n o t  e x p e c t e d  t o  be 
d i f f e r e n t  f o r  t h e  two o r i e n t a t i o n s .  

Tempera ture  l i m i t s  and t h e r m a l  l o a d s  imposed by 

A c t i v e  ECS f o r  Coo l ing  and Humidity C o n t r o l  

Recent  s t u d i e s  f o r  t h e  b a s e l i n e  POP o r i e n t a t i o n  
i n d i c a t e  a d d i t i o n a l  a c t i v e  t h e r m a l  c o n t r o l  and changes i n  
t h e  OWS e x t e r n a l  c o a t i n g s  and d u c t  a r r angemen t s  would improve 
t h e r m a l  and humid i ty  c o n d i t i o n s .  No r e p o r t e d  data i n d i c a t e  
t h a t  p r e s e n t  OWS problems could  b e  d e a l t  w i t h  b e t t e r  i f  t h e  
o r i e n t a t i o n  were G G .  
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P e n e t r a t i o n  and Ru lk l l ead  - Heat Leaks  

Heat l eaks  a r e  o f  i n t e r e s t  f o r  n e t  heat  b a l a n c e ;  
f o r  c o n d e n s a t i o n  p o i n t s ,  which w i l l  be  d i s c u s s e d  l a t e r ;  and 
b e c a u s e  o f  a s t r o n a u t  t ouch  l i m i t s  o f  550F t o  l O 5 O F .  C u r r e n t  
d a t a  show t h e  t o u c h  l i m i t s  a r e  exceeded  a t  s e v e r a l  p o i n t s  i n  
t h e  OWS. Heat l eak  e f f e c t s  on t h e  n e t  heat  b a l a n c e  can be 
l a rge  and can  va ry  s i r n i f i c a n t l g ,  depend ing  on t h e  a t t i t u d e  
o r i e n t a t i o n .  MSFC h ~ s  r e p o r t e d  t h a t  PO? p e n e t r a t i o n  hea t  
leaks a r e  approx ima te ly  i n  b a l a n c e ,  i . e . ,  n e t  z e r o ,  b u t  t h a t  
t h e r e  would b e  a n e t  h e d t  l o s s  i n  t h e  comparablz  G G  c a s e . *  
Bulkhead l o s s e s  can  be s i g n i f i c a n t  and a re  g r e a t e r  i n  GG 
t h a n  i n  POP. C u r r e n t  s t u d i e s  a r e  a t t e m p t i n g  t o  e s t a b l i s h  
p r a c t i c a l  i i isulatioi-1 s chenies f o r  rrliriirrlizinr. t h e  bu lkhead  
l o s s e s .  F i g u r e s  1 and 2 ,  f rom t h e  OWS ECS A P D R  Data Package,  
show a f t - e n d  hea t  l o s s e s  f o r  t h e  G G ,  POP, and s o l a r  o r i e n t a -  
t i o n s  w i t h  an i n t e r n a l  r a d i a t i o n  h e a t  s h i e l d  and f o r  t h e  un in -  
s u l a t e d  c a s e .  Data f o r  forward-end and t o t a l  end heat  l o s s e s  
a r e  s imi la r  and i n d i c a t e  g r e a t e r  l o s s e s  f o r  G G  t h a n  f o r  POP. 

C r e w  Comfort C r i t e r i a  

There  i s  no r e a s o n  t o  e x p e c t  t h a t  crew comfor t  
c r i t e r i a  would be  d i f f e r e n t  f o r  POP and  G G .  However, t hese  
c r i t e r i a  e s t a b l i s h  s i g n i f i c a n t  t e m p e r a t u r e  l i m i t s  w i t h i n  
t h e  OWS and s h o u l d  be  d e s c r i b e d .  

The crew comfort  envelope  p r e p a r e d  by  MSFC 
i s  b a s e d  on MSC/MRO data  and NSFC a n a l y s e s  o f  a t h e r m a l  
model of' a man. The s i g n i f i c a n t  parameters a r e  m e t a b o l i c  
ra tes  (500 t o  1 5 0 0  B t u / h r ) ,  c l o t h i n g  r e s i s t a n c e  (CLO v a l u e s  
.025 t o  1.0), a tmosphere  v e l o c i t y  ( 1 5  t o  1 0 0  f t / m i n ) ,  a t -  
mosphere t e m p e r a t u r e ,  and mean r a d i a n t  t e m p e r a t u r e  ( t h e r m a l  
c u r t a i n  t e m p e r a t u r e ) .  These comfort  data  were based on a 
s p e c i f i c  humid i ty  v a l u e  o f  0 . 0 1 8  l b  H20 / lb  a tmosphere ,  which 
i s  t h e  low d e s i g n  l i m i t .  T h e  crew comfor t  enve lope  i s  used  
t o  i l l u s t r a t e  t h e  c a p a b i l i t y  of  t h e  OWS s y s t e m  t o  m a i n t a i n  a 
comfor ta .h le  envi ronment  0h!S c u r t a i n  ar?d gas t e m p e r a t u r e s  
a re  p l o t t e d  w i t h  r e s p e c t  t o  t h i s  enve lope  i n  F i g u r e  3 .  The 
broken l i n e s  a t  4 5 O  gas and c u r t a i n  t e m p e r a t u r e s  i n d i c a t e  
t h e  dewpoint  f o r  a s p e c i f i c  humid i ty  o f  0.018. T h i s  i s  t h e  
t e m p e r a t u r e  a t  which f o g  or s u r f a c e  c o n d e n s a t i o n  would o c c u r .  

* P r i v a t e  communication, W .  0 .  Randolph, 
MSFC, A p r i l  2 6 ,  1 9 6 8 .  
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Humidity 

Humidity l e v e l s  s p e c i f i e d  for crew comfort  l i m i t  t h e  
a l l o w a b l e  a tmosphere  and w a l l  t e m p e r a t u r e s .  Fogging and un- 
c o n t r o l l e d  c o n d e n s a t i o n  are avo ided  i f  t h e s e  t e m p e r a t u r e s  are  
k e p t  above t h e  dewpoin t  - i d e a l l y ,  t h e  dewpoint  c o r r e s p o n d i n g  
t o  t h e  maximum s p e c i f i e d  humid i ty .  I n  t h e  a c t u a l  c a s e ,  dew- 
p o i n t s  and t e m p e r a t u r e s  a re  lower ,  and some s u r f a c e s  are c o l d  
enough t o  caEse c o n d e n s a t i o n .  I n  t h e  ex t r eme ,  c o n d e n s a t i o n  ori 
s u r f a c e s  below 4 5 O F  ( b r o k e n  l i n e ,  F i g u r e  3 )  d e h u m i d i f i e s  t h e  
a tmosphere  t o  l e v e l s  t ha t  a r e  u n a c c e p t a b l e  f o r  crew c o m f o r t .  

T h i s  e s t a b l i s h e s  low t e m p e r a t u r e  l i m i t s  f o r  thermal  
c u r t a i n s ,  i r , t e r i o r  w a l l s ,  and p e n e t r a t l o n  heat leaks;  which i s  
a r e a s o n  why c o l d - s i d e  t e m p e r a t u r e s  f o r  t h e  POP and GG 
o r i e n t a t i o n s  a re  i m p o r t a n t .  

OWS Thermal Analyses  

T h i s  s e c t i o n  d i s c u s s e s  t h e  r e l a t i v e  thermal  c h a r a c t e r -  
i s t i c s  o f  POP and GG i n  terms o f  OWS i n t e r i o r  t e m p e r a t u r e s ,  and 
i d e n t i f i e s  p o s s i b l e  r e a s o n s  f o r  c o n f l i c t i n g  a n a l y t i c a l  r e s u l t s  
i n  t h e  G G  c o l d  c a s e . *  

De ta i l ed  t h e r m a l  a n a l y s e s  o f  t h e  OWS have been 
r e p o r t e d  only  by  MSFC ( s u p p o r t e d  by Martin-Denver)  and MCASTRO. 
F i g u r e  3 shows r e p o r t e d  t e m p e r a t u r e s  o f  t h e  OWS a tmosphere ,  
t h e r m a l  c u r t a i n s ,  and i n t e r i o r  w a l l  s u r f a c e s .  Three  c a s e s  
a n a l y z e d  by MSFC and MCASTRO are  shown: POP c o l d ,  GG c o l d ,  
and POP h o t .  The GG h o t  c a s e  has n o t  been  r e p o r t e d  by e i t h e r  
s o u r c e .  The s i n g l e  p o i n t s  by MSFC r e p r e s e n t  minimum c u r t a i n  
and a v e r a g e  a tmosphere  t e m p e r a t u r e s  u s i n g  a v e r a g e  e x t e r n a l  
o r b i t a l  h e a t i n g .  The enve lopes  by MCASTRO r e p r e s e n t  t h e  r a n g e  
of a tmosphere ,  c u r t a i n ,  and wal l  t e m p e r a t u r e s  encoun te red  i n  
o r b i t ,  c o n s i d e r i n g  t h e  t r a n s i e n t  e f f e c t  o f  e x t e r n a l  o r b i t a l  
h e a t i n g .  

n I n c i d e n t  t h e r m a l  f l u x  f o r  t h e  s e v e r a l  d i f f e r e n t  
c a s e s  d i s c u s s e d  i n  t h i s  s e c t i o n  i s  approximated  
f o r  a n  e i g h t - s i d e d  c y l i n d e r  i n  Appendix A .  T h i s  
ma te r i a l  i s  from a memorandum i n  p r e p a r a t i o n  by 
J .  W .  Powers, " S p a c e c r a f t  Shadowing and Thermal  
F l u x  Programs. 
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Cold- and h o t - c a s e  t e m p e r a t u r e s  are  o u t s i d e  t h e  
d e s i r e d  l i m i t s  o f  t h e  crew comfort  enve lope .  A l l  a tmosphe re  
t e m p e r a t u r e s  f o r  t h e  c o l d  c a s e s  a re  below t h e  45OF dewpoin t ,  
i n d i c a t i n g  fogg ing ;  and p a r t  o f  a l l  t h e r m a l  c u r t a i n  and wall 
t e m p e r a t u r e  r a n g e s  f a l l  below t h e  dewpo in t ,  i n d i c a t i n g  s u r f a c e  
c o n d e n s a t i o n .  T h e r e f o r e ,  b o t h  MSFC and MCASTRO da ta  show t h a t  
t h e  OWS canno t  meet t h e  c o l d e s t  c a s e  w i t h  p a s s i v e  t h e r m a l  con- 
t r o l  i n  e i t h e r  POP or GG;  and a c t i v e  t h e r m a l  c o n t r o l  i s  r e q u i r e d  
f o r  t h e  h o t  c a s e .  

An a c c u r a t e  comparison o f  t h e  r e l a t i v e  POP and G G  
t h e r m a l  c h a r a c t e r i s t i c s  i s  n o t  p o s s i b l e  from t h e  data  i n  
F i g u r e  3 because  MSFC and MCASTRO used d i f f e r e n t  t e m p e r a t u r e  
r e p r e s e n t a t i o n s  ( c o l d e s t  v s .  r a n g e ) ,  d i f f e r e n t  s o l a r  a r r a y  
a n g l e s  ( f i x e d  v s .  v a r i a b l e ) ,  d i f f e r e n t  roll p r o f i l e s  ( f i x e d  
v s .  c o n t i n u o u s  roll), and d i f f e r e n t  a n a l y s e s  ( s t e a d y  s t a t e  v s .  
t r a n s i e n t ) .  The d i f f e r e n c e s  i n  t h e  MSFC and MCASTRO a n a l y s e s  
of  t h e  G G  c o l d  c a s e  a r e  l i s t e d  i n  T a b l e  A .  I n  s p i t e  o f  t hese  
d i f f e r e n c e s ,  t h e  da ta  i n  F i g u r e  3 a r e  of i n t e r e s t ,  p a r t i c u l a r l y  
f o r  t h e  c o l d  c a s e s .  The c o l d  c a s e s  a r e  f o r  t h e  w o r s t  B a n g l e s  
and 1 , 0 0 0  Btu i n t e r n a l  h e a t  g e n e r a t i o n ,  t h a t  i s ,  t h e  p a s s i v e  
c a s e  w i t h o u t  thermal  c o n t r o l  h e a t e r s .  

The MSFC c o l d  c a s e s  f o r  POP and G G  d i f f e r ;  t h e  GG 
a tmosphe re  t e m p e r a t u r e  i s  abou t  1 8 0 ~  c o l d e r  t h a n  POP, and GG 
c u r t a i n  t e m p e r a t u r e  i s  a b o u t  200F c o l d e r  t h a n  POP. 

The MCASTRO c o l d  c a s e s  f o r  POP and GG are  a p p r o x i -  
m a t e l y  t h e  same; t h e  r ange  of a tmosphere  t e m p e r a t u r e s ,  c u r t a i n  
t e m p e r a t u r e s ,  and w a l l  t e m p e r a t u r e s  d i f f e r  by a f e w  d e g r e e s .  

c o l d  c a s e  t h a n  t h e  GG c o l d  c a s e ,  b u t  canno t  b e  sa id  t o  b e  i n  
agreement  w i t h  t h e  MSFC POP c o l d  c a s e .  

The MCASTRO c o l d  c a s e s  a r e  c l o s e r  t o  t h e  MSFC POP 

MSFC found t h a t  t h e  t o t a l  i n c i d e n t  f l u x  t o  t h e  s ide -  
wal l s  was a b o u t  t h e  same f o r  POP and G G ,  b u t  t h a t  t h e  GG s ide-  
walls had  a c o l d  s i d e  l o c a t i o n  on which t h e  a v e r a g e  S i lc ident  
f l u x  was abou t  h a l f  t h a t  f o r  a s imi l a r  c o l d  s i d e  l o c a t i o n  f o r  
POP. T h i s  r e s u l t e d  i n  lower  i n t e r n a l  w a l l  and thermal  c u r t a i n  
t e m p e r a t u r e s  a t  t h a t  l o c a t i o n .  The MSFC a n a l y s i s  assumed f i x e d  
s o l a r  a r rays  p a r a l l e l  to t h e  OWS symmetry a x i s . *  

* Fol lowing  t h i s ,  v a r i a b l e  s o l a r  a r r a y  a n g l e  was 
proposed  and adopted  a t  t h e  B a s e l i n e  Review o f  
October  12-13, 1967. MSFC has n o t  t h o r o u g h l y  
r e -ana lyzed  t h e  G G  c o l d  c a s e ;  b u t ,  on t h e  basis o f  
some b r i e f  a n a l y s e s ,  f e e l s  t h e  GG c o l d  c a s e  would 
s t i l l  b e  c o l d e r  t h a n  t h e  POP c o l d  c a s e .  P r i v a t e  
Communication, W .  0. Randolph, A p r i l  2 6 ,  1968 .  



Roll p r o f i l e  

T a b l e  A 

D i f f e r e n c e s  i n  t h e  GG Cold Case Ana lyses  
by MSFC and MCASTRO 

Loads and Losses  

S i d e w a l l  
Bulkhe ad 
P e n e t r a t i o n  

I n t e r n a l  Heat 
Genera t  i o n  

~~ 

S o l a r  Array  

Angle 
Shadowing 
B l o c k i n g  
Exchange 

Tempera tu res  

Atmosphere 

Thermal c u r t a i n  

Wall 

MSFC 

Low B ,  C o n s t a n t  roll 
a n g l e ,  roll 180' d u r i n g  
30° s u b s o l a r  s e c t o r .  
High B ,  Optimum roll 

Analyzed s mar  a t  e 1:; 

O r b i t  ave rage  
O r b i t  ave rage  
O r b i t  a v e r a g e  

1 , 0 0 0  B t u  

O0 
I n c l u d e d  
I n c l u d e d  
I n c l u d e d  

25OF, t o t a l  atmos- 
p h e r e  a v e r a g e  t e m -  
p e r a t u r e ,  a v e r a g e  
o v e r  o r b i t .  

l3'F, c o l d e s t  node for 
o r b i t  (wors t  c a s e ) .  

Not r e p o r t e d  . 

MCASTRO 

Cont inuous  roll 

Coxnbinec! i n  one 
thermal  model 

T r a n s  i e  n t 
T r a n s i e n t  
T r a n s i e n t  

~~ 

1,000 B t u  

41' 
Not i n c l u d e d  
I n c l u d e d  
Tncluded 

34.5 to 42.4OF, 
v a r i a t i o n  o v e r  
o r b i t  and l o c a t i o n  
i n  01dS . 
23.8 t o  51.7"F, 
v a r i a t i o n  o v e r  
o r b i t  a n d  circum- 
f e r e n c e .  

1 0 . 8  to 66.1°F,  
v a r i a t i o n  o v e r  
o r b i t  and  circum- 
f e r e n c e .  
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MCASTRO used  a s o l a r  a r r a y  a n g l e  of  41°, which p i v o t e d  
t h e  a r r a y s  to t h e  c o l d  s i d e  of t h e  OWS. The MCASTRO a n a l y s i s  
shows t h a t  t h e  p r e s e n c e  of t h e  a r r a y s  i n c r e a s e s  t h e  n e t  i n c i d e n t  
l o a d  t o  t h e  GG c o l d  s i d e  l o c a t i o n  by b l o c k i n g  t h e  view to deep  
s p a c e  and  i n c r e a s e d  r e f l e c t i o n  and I R  exchange from t h e  a r rays .  
MCASTRO r e p o r t s  t h a t  t h i s  e f f e c t  and t h e  d i f f e r e n c e  i n  roll 
p r o f i l e s  e x p l a i n  t h e  d i f f e r e n c e  i n  t h e  GG c o l d  c a s e s .  

C o n s i d e r i n g  t h e  above data and t h e  a c c u r a c y  e x p e c t e d  
i n  t h e r m a l  a n a l y s i s ,  i t  appea r s  t o  b e  f a i r  t o  s a y  t h a t  t h e  G G  
c o l d e s t  c a s e  i s  as c o l d  as, o r  c o l d e r  t h a n ,  t h e  POP c o l d e s t  
c a s e .  And, t h e r e f o r e ,  t h e  GG h e a t e r  r e q u i r e m e n t s  w i l l  b e  as 
l a r g e  as ,  or l a rger  t h a n ,  t h e  POP hea te r  r e q u i r e m e n t s  d u r i n g  
t h e  c o l d e s t  c a s e .  

I n f l u e n c e  of  Angle B 

Angle B i s  t h e  minimum a n g l e  between t h e  e a r t h - s u n  
l i n e  and t h e  o r b i t a l  p l a n e .  B h i s t o r i e s  f o r  230  NM o r b i t s  
of a 2 8 . 5 O  i n c l i n a t i o n  are shown i n  F i g u r e  4.* OWS a t t i t u d e s  
w i t h  r e s p e c t  t o  t h e  s u n  for POP and GG a t  t h e  ex t r eme  B a n g l e s  
of  Oo and 53' a re  shown i n  F i g u r e  5 .  The w o r s t  c a s e s ,  h o t  and  
c o l d ,  o c c u r  a t  t h e  ex t r emes  of B .  A t  B = Oo, POP i s  h o t t e s t  
and GG i s  c o l d e s t ;  a t  B = 5 3 O ,  POP i s  c o l d e s t  and GG i s  h o t t e s t .  
The f r equency  of  t h e s e  wors t - case  c o n d i t i o n s  and t h e  p r o b a b i l i t y  
o f  t h e i r  o c c u r r e n c e  a re  of  i n t e r e s t  b e c a u s e  of  t h e  i n f l u e n c e  
on thermal  d e s i g n ,  p a r t i c u l a r l y  i n  t h e  d e g r e e  o f  a c t i v e  thermal  
c o n t r o l .  Fo r  t h e  h o t  c a s e s ,  a c t i v e  c o n t r o l  r e q u i r e s  removing 
h e a t  t h r o u g h  t h e  A i r l o c k  ECS;  and for t h e  c o l d  c a s e s ,  a c t i v e  
c o n t r o l  r e q u i r e s  add ing  h e a t  t o  t h e  OWS th rough  e l e c t r i c a l  
h e a t e r s ,  which i n v o l v e s  t h e  e l e c t r i c a l  power and 8 a n g l e  r e l a -  
t i o n s h i p  to b e  d i s c u s s e d  l a t e r .  

R e f e r r i n g  t o  F i g u r e  4 ,  t h e  p e r i o d  of t h e  B enve lope  
v a r i a t i o n  i s  one y e a r .  F o r  a p a r t i c u l a r  l a u n c h  t i m e ,  t h e  peak- 
to-peak  p e r i o d  i s  4 5 . 4  d a y s  and t h e  number o f  c r o s s i n g s  a t  
B = Oo i s  1 6  t i m e s  a y e a r .  T h e r e f o r e ,  t h e  ex t reme c o n d i t i o n s  
for POP and. GG o c c i m  a.s f o l l o w s  : 

B = Oo, POP-hot, GG-cold, 1 6  t imes p e r  yea r ,  and 

8 = 5 3 O ,  POP-cold, GG-hot, 2 t i m e s  p e r  y e a r .  

* F i g u r e  4 and i t s  t e x t  and F i g u r e  6 a r e  from a 
p a p e r  by W .  W .  Hough and B .  D .  E l r o d ,  S o l a r  
Array  Performance as  a F u n c t i o n  o f  O r b i t a l  
Parameters and S p a c e c r a f t  A t t i t u d e ,  t o  b e  
p r e s e n t e d  a t  t h e  ASME A v i a t i o n  and Space  
Conference ,  June  16-19, 1 9 6 8 .  
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These are  t h e  extreme B c o n d i t i o n s  t h a t ,  i n  g e n e r a l ,  
i n d i c a t e  t h e  r e g i o n s  and f r equency  o f  h o t  and c o l d  B f o r  POP 
and  G G .  

Under random launch  c o n d i t i o n s ,  a 28-day a c t i v e  
m i s s i o n  can  span  s e v e r a l  combina t ions  o f  thermal  c o n d i t i o n s  
t h a t  may be f a v o r a b l e  or u n f a v o r a b l e .  One c y c l e  i n  B v a r i a t i o n  
from peak-to-peak i s  a b o u t  57O w i t h  a p e r i o d  f o r  t h e  f u l l  c y c l e  
o f  4 5 . 4  days.  A 28-day m i s s i o n  i s  s l i g h t l y  g r e a t e r  t h a n  one- 
h a l f  t h i s  c y c l e .  R e f e r r i n g  t o  F i g u r e  4 a g a i n ,  s e v e r a l  examples  
o f  extreme h o t  and c o l d  c o n d i t i o n s  can  b e  s e e n  for b o t h  POP and 
G G .  A t  t h e  c e n t e r  o f  t h e  f i g u r e  t h e  one-ha l f  c y c l e  can  s t a r t  
n e a r  e i t h e r  Oo o r  - 5 3 O  a n d  end  n e a r  - 5 3 O  or Oo; or t h e  one -ha l f  
c y c l e  c a n  b e  b i a s e d  around Oo o r  -53O.* To t h e  l e f t  i n  F i g u r e  
4 ( a t  a b o u t  ' g o ' ) ,  t h e  one-ha l f  c y c l e  can  s p a n  peak-to-peak 
t33O t o  -33O, approx ima te ly ;  or t h e  one -ha l f  c y c l e  can  b e g i n  
n e a r  00, peak a t  30°, and e n d  n e a r  Oo a g a i n .  

These examples  show t h a t  a t  l e a s t  one,  and p o s s i b l y  
b o t h ,  o f  t h e  wors t - case  c o n d i t i o n s  w i l l  e x i s t  f o r  b o t h  POP and 
GG i n  a 28-day m i s s i o n .  It a p p e a r s ,  t h e r e f o r e ,  t h a t  f o r  r an -  
dom l aunch  c o n d i t i o n s  b o t h  t h e  h o t t e s t  and c o l d e s t  w o r s t  c a s e s  
s h o u l d  b e  c o n s i d e r e d  and des igned  f o r .  

Cold-Case H e a t e r  Requirements  

I t  i s  of i n t e r e s t  t o  c o n s i d e r  t h e  minimum d i f f e r e n c e  
i n  a v a i l a b l e  power, and  the  d i f f e r e n c e  i n  c o l d e s t - c a s e  a v a i l a b l e  
power f o r  POP and G G .  

Average con t inuous  power a v a i l a b l e  a t  l o a d  as a f u n c t i o n  
o f  B i s  shown i n  F i g u r e  6 .  "Sun-o r i en ted  array ' '  i s  r e p r e s e n t a t i v e  
o f  POP, and "con t inuous  roll r a t e "  i s  r e p r e s e n t a t i v e  of  G G .  Optimum 
a r r a y  a n g l e  i s  used  i n  b o t h  c a s e s .  P o i n t s  A i n d i c a t e  t h e  minimum 

* P o s i t i v e  and n e g a t i v e  B have t h e  same e f f e c t .  
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d i f f e r e n c e  of a b o u t  6 % .  If t h e  o r d i n a t e  100% v a l u e  i s  assumed 
f o r  conven ience  t o  i n d i c a t e  1 0  KW, t h e n  t h i s  6 %  d i f f e r e n c e  i s  
e q u i v a l e n t  t o  a b o u t  600  w . *  T h i s  i n d i c a t e s  t h e  a v a i l a b l e  never 
f rom POP i s  a t  l e a s t  600  w g r e a t e r  t h a n  f o r  G G .  The p o i n t  has 
b e e n  made i n  t h e  p a s t  t h a t  POP has a 300 TU n e n a l t y  f o r  a t t i t u d e  
control h e a t i n g  n o t  r e q u i r e d  i n  a GG c o l d  pas s y s t e m .  The above  
6 0 0  w d i f f e r e n c e  i n d i c a t e s  t h e  ACS h e a t e r  n e n a l t v  i s  n o t  s i g n i f i c a n t .  

The c o l d e s t  c a s e  f o r  POP i s  when B = 53", i n d i c a t e d  on 
F i g u r e  6 by  p o i n t  B .  T h e  c o l d e s t  c a s e  f o r  GG i s  when = O 0 ,  
i n d i c a t e d  by p o i n t  C .  I t  i s  d u r i n g  t h e s e  p e r i o d s  t h a t  t h e  h i g h e s t  
hea t e r  e l e c t r i c a l  l o a d s  would b e  e x p e c t e d ;  and i t  i s  a t  t h e s e  
c o n d i t i o n s  t h a t  a v a i l a b l e  power i s  maximum f o r  PO?,about 5 . 2  KW, 
and minimum f o r  G G ,  abou t  3 . 4  KW. T h i s  i n d i c a t e s  t h e  a v a i l a b l e  
power d u r i n g  t h e  coldest, c a s e  i s  about 1.8 K?d g rea te r  f o r  POP, 
or a b o u t  50% more t h a n  G G .  

I n  g e n e r a l ,  t h e  r e g i o n  of  h i g h  B a n p l e s  i s  t h e  c o l d e s t  
f o r  POP and i s  a l s o  t h e  r e g i o n  o f  h i g h e s t  a v a i l a b l e  e l e c t r i c a l  
power. The r e g i o n  o f  low B ang les  i s  t h e  c o l d e s t  f o r  GG, b u t  i s  
t h e  r e g i o n  of l o w e s t  a v a i l a b l e  e l e c t r i c a l  novier. These c o n d i t i o n s  
f a v o r  POP, where t h e r e  i s  a good match b e t w e e n  t h e  o c c u r r e n c e  o f  
r e q u i r e d  and a v a i l a b l e  e l e c t r i c a l  nower.  A s econd  Doin t  f a v o r i n g  
POP i s  t h a t  t h e  c o l d e s t  c o n d i t i o n  o c c u r s  two t lmes a year  f o r  POP,  
b u t  1 6  t i m e s  a y e a r  for G G .  

S t o r a g e  Phase and A A P  3-4 

I d e a l l y ,  a t h e r m a l  c o n t r o l  d e s i g n  c a n  h e  o n t i m i z e d  for 
a s i n g l e ,  unchang inp  s i t u a t i o n  e i t h e r  hv usinp. a f'ixecd o r i e n t a t i o n  
toward  a l l  thermal  s o u r c e s  or by sp inn i -np  t o  srnooth o u t  v a r i a t i o n s .  
Nei ther  approach  a p p l i e s  i n  A A P  1-2; b u t  POP p r o v i d e s  a c l o s e r  
match t o  t h e  AAP 3-4 o r i e n t a t i o n  and  i t s  i n c i d e n t  l o a d s ;  and  G G  
p r o v i d e s  a c l o s e r  match t o  t h e  GG s t o r a g e  o r i e n t a t i o n .  The GG 
s t o r a g e  mode i s  i n a c t i v e  ,and p a s s i v e  methods w i l l  b e  imlnor tan t .  
However, b e c a u s e  of wide t e m n e r a t u r e  l i m i t s  and l a c k  of  roll 
c o n t r o l ,  i t  apDears  t o  make l i t t l e  d i f f e r e n c e  i n  t h e  s t o r a g e  n h a s e  
whether  t h e  OWS i s  GG or POP i n  A A P  1-2 .  

S i m i l a r i t y  w i t h  A A P  3-4 and r e d u c e d  j m n o r t a n c e  o f  
s i m i l a r i t y  i n  t h e  s t o r a g e  phase  f a v o r ,  s l i p h t l y ,  t h e  POP o r i e n -  
t a t i o n  f o r  AAP 1-2. T h i s  d i f f e r e n c e  i s  n o t  s i g n i f j c a n t .  

Means for Thermal C o n t r o l  

POP and GG a t t i t u d e  o r i e n t a t i o n s  might  b e  e x n e c t e d  t o  
o f f e r  d i f f e r e n t  means for thermal c o n t r o l  b e c a u s e  of m i s s i o n - r e l a t e d  
o p t i o n s  and f l e x i b i l i t y ,  and a l l o w a b l e  or r e n u i r e d  d i f f e r e n c e s  

*If t h e  a c t u a l  v a l u e  of PSA = 1 0 , 6 5 0  wat ts  i s  u s e d ,  t h e n  the  
6 %  i n d i c a t e s  639 w .  
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i n  s p a c e c r a f t  des ig i i  mcl o p e r a t i o n .  These means c o u l d  b e  p a s s i v e  
or a c t i v e .  A f e w  ~ x a n i p l e s  have b e e n  n o t e d  i l l  o t l l e r  s e c t i o n s .  

F o r  example,  a v o i d i n g  u n f a v o r a b l e  B a n g l e s  w i l l  r e d u c e  
e l e c t r i c a l  power r e q u i r e m e n t s  f o r  cold-ca:r h e a t i n g .  POP can  
a v o i d  t h e  c o l d e s t  c o n d i t i o n s  more e a s i l y  t l i * a  GG s i m p l y  b e c a u s e  
B = 530 o c c u r s  o n l y  two t imes  p e r  y e a r  and B = 00 o c c u r s  1 6  t imes  
p e r  y e a r .  However, a.; Iboncluded b e f o r e ,  ilcsip-ns s h o u l d  b e  f o r  t h e  
w o r s t  c a s e .  Avoid inp  u n f a v o r a b l e  B anple:; may h e l p  t h e  m i s s i o n  
b u t  s h o u l d  n o t  a f f e c t  the d e s i g n .  

Thermal  c o a t i n g  schemes based  on r o l a r  o r i e n t a t i o n s  
a p p e a r  to b e  more a p p l i c a b l e  t o  POP; and ,  b(1cause o f  POP and 
A A P  3-4 s i m i l a r i t y ,  a c o a t i n g  approach  f a v o r a b l e  t o  b o t h  
o r i e n t a t i o n s  a p p e a r s  more l i k e l y .  

POP i s  f a v o r e d  s l i g h t l y  by m i s s i o n  o p t i o n s  and  
s i m i l a r i t y  w i t h  A A P  3-11; b u t  i t  a p p e a r s  t ha t  POP and G G  have  
no  d i f f e r e n c e s  t h a t  a l l o w  or r e q u i r e  s i c n i f i c a n t l y  d i f f e r e n t  
means i n  t h e r m a l  c o n t r o l .  

- Thermal  A n a l y s i s  and T e s t i n g  

It  was of i n t e r e s t  t o  d e t e r m i n e  i f  t h e r e  a re  d i f f e r e n c e s  
i n  t h e  POP and GG a t t i t u d e  o r i e n t a t i o n s  t h a t  would s i g n i f i c a n t l y  
a f f e c t  t h e  r e l a t i v e  accu racy  o f  t h e r m a l  p r e d i c t i o n s ,  t h e  r e q u i r e -  
ments  f o r  t h e r m a l  t e s t i n g ,  or t h e  e f f e c t i v e n e s s  o f  t h e r m a l  t e s t i n g .  

o f  t h e  a n a l y t i c a l  model t o  r e p r e s e n t  t h e  : : i ) d c e c r a f t  and i t s  en- 
v i ronmen t ,  i n c l u d i n g  i n c i d e n t  and i n t e r m ? l  l ~ ~ a d s ,  exc!ian:;e be tween 
modules ,  and a n  accurate, tliei-mal mode l  nf L ~ I P  s o s c - e c r a f t  coi~ipo- 
n e n t s .  For t h e  OWS, t h i s  become; i n c r e ( l i h l l r  complex. For example,  
shadowing,  b l o c k i n g ,  r e f l e c t i o n s ,  a n d  view f a c t o r s  a f f e c t i n ?  t h e  
i n c i d e n t  l o a d s  and  r a d i a n t  exchance betwccn c lu : ; t t ? r  modules i n  t h e  
p r e s e n c e  o f  a r t i c u l a t e d  solar a r r a y s  a r ?  t ) e  in? d e t e r m i n e d  e x p e r i -  
m e n t a l l y  and  a n a l y t i c a l l y .  I n  p e n e r a l ,  thermal  a n a l y s t s  seem 
p e s s i m i s t i c  and p r e f e r  to have t h e r m a l  t e s t s  t o  v e r i f y  and improve 
t h e  t h e r m a l  models .  * 

The r e s u l t s  of thermal  analyse: .  depend on t h e  a c c u r a c y  

Thermal a n a l y s e s  are u s e f u l  i n  i n d i c a t i n g  t r e n d s  and  
d i f f e r e n c e s ;  however,  t h e  combined e r r o r s  and ex t r eme  complex i ty  
overshadow any d i f f e r e n c e s  i n  t h e  POP and G G  a t t i t u d e  o r i e n t a t i o n s  
t ha t  would a f f e c t  t l ie r e l a t i v e  a c c u r a c y  of' t h e r m a l  D r e d i c t i o n s .  

* Error es t imates  vary  from + -1OoP to + -2OOF and 
g r e a t e r .  Some r e c e n t  da t a  i i i d i c a t e  a b o u t  85% 
o f  t h e  measured t e m p e r a t u r e s  i n  Apo l lo /Sa tu rn  
f l i g h t s  a r e  w i t h i n  ?'2O0F o f  tlle p r e d i c t e d  v a l u e s .  



-11- BELLCOMM, I N C .  

F o r  t h e  same r e a s o n s ,  p r i m a r i l y  c o m p l e x : t y ,  t h e r e  a p p e a r  to b e  
no  s i g n i f i c a n t  d i f f e r e n c e s  t h a t  would a f f e c t  t h e  r e q u i r e m e n t s  
for t e s t i n g  or t h e  e f f e c t i v e n e s s  of t he i>mal  t e s t s  u sed  t o  v e r i f y  
a n d  improve  thermal  models o r  t o  q u a l i f y  t h e  t h e r m a l  d e s i g n .  

ASSESSMENT 

Few t h e r m a l  c o n s i d e r a t i o n s  are b o t h  s i g n i f i c a n t  
and  a l s o  s i g n i f i c a n t l y  d i f f e r e n t  f o r  t h e  POP and GG a t t i t u d e  
o r i e n t a t i o n s .  The  t h e r m a l  c o n s i d e r a t i o n s  i d e n t i f i e d  d u r i n g  
t h i s  s t u d y  f a v o r  POP. 

Thermal  C o n s i d e r a t i o n s  F a v o r i n g  POP: 

. Cold-case  t e m p e r a t u r e s  a r e  l ess  s e n s i t i v e  t o  solar a r r a y  
a n g l e s  and a r e  n o t  a f u n c t i o n  o f  v a r i a b l e  r o l l  p r o f i l e s .  

. P e n e t r a t i o n  and bulkhead  h e a t  l e a k s  z r e  lower, and 
t e m p e r a t u r e s  a t  t h e s e  p o i n t s  a r e  less l i k e l y  t o  c a u s e  
c o n d e n s a t i o n  and exceed a s t r o n a u t  t o u c h  l i m i t s .  

. Tempera tu res  i n  t h e  c o l d  c a s e  a r e  t h e  same as or h i g h e r  
t h a n  i n  t h e  G G  c o l d  c a s e .  Cold-case  r e q u i r e m e n t s  f o r  
e l e c t r i c a l  h e a t i n g  o c c u r  d u r i n g  t h e  p e r i o d  o f  h i g h  
a v a i l a b l e  power i n  POP and  low a v a i l a b l e  power i n  G G .  

a y e a r  f o r  POP and 1 6  t i m e s  a year f o r  GG. 
. The c o l d e s t  c a s e  i s  l e s s  l i k e l y  t o  o c c u r  - two t imes  

Thermal  C o n s i d e r a t i o n s  F a v o r i n g  G G :  

. H e a t i n g  r e q u i r e m e n t s  for the a t t i t u d e  c o n t r o l  s y s t e m  
a r e  l e s s .  T h i s  d i f f e r e n c e  i n  t o t a l  e l e c t r i  cal r e q u i r e -  
ments  i s  n o t  s i g n i f i c a n t .  

Thermal  C o n s i d e r a t i o n s  E s s e n t i a l l y  t h e  Same f o r  POP i?iid GCI: 

. M i s s i o n  d u r a t i o n .  

. n.. fiquiprnent;, crew, and equipment  t e m p e r a t u r e  l i m i t s .  

. A c t i v e  ECS r e q u i r e m e n t s  f o r  t h e r m a l  and h u m i d i t y  c o n t r o l .  

. Crew comfor t  c r i t e r i a .  

. Means for t h e r m a l  c o n t r o l .  

. P r o b a b l e  a c c u r a c y  o f  a n a l y t i c a l  p r e d i c t i o n s .  

. Requi rements  f o r  t e s t i n g .  

. E f f e c t i v e n e s s  o f  t e s t i n g .  
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. O r b i t  a l t i t u d e .  

. V a r i a t i o n s  i n  s o l a r  c o n s t a n t ,  e a r t h  z l b e d o ,  and  
e a r t h  I R .  

. Thermal  coat in?;  d e g r a d a t i o n .  

. Thermal c o a t i n g  schemes.  

. S i m i l a r i t y  t o  s t o r a g e  and  A A P  3-4 orientations. 

1 0 2  2-JEW-ms J. E .  Waldo 

At t achmen t s  
F i g u r e s  1-6 
Appendix A 
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APPENDIX 

INCIDENT FLUX 

Approximate values of the solar (Q ) ,  earth albedo ( Q A ) ,  S 
and earth-emitted lR(QIR) thermal flux incident on the sides of 
an eight-sided cylinder are listed in Table A - l . *  These values 
are for the different attitude orientations, B angles, and roll 
profiles of interest. 

The three right-hand columns are included only to show 
that the average incident fluxes are approximately the same, while 
the flux distributions over the eight sides are quite different.** 
Side 1 faces the sun and has the highest incident flux in a l l  cases. 
Side 5 faces away from the sun and, together with sides 3, 4, 6, 
and 7, has lower colder flux values. These values show that the 
cold side in the GG orientation receives less incident flux than in 
POP and that this difference, peculiarly, is most severe in the hot 
cases. 

"Data in Table A - 1  are from a memorandum in preparation by 

**Incident load, as distinguished from incident flux, deter- 

J. W. Powers, "Spacecraft Shadowing and Thermal Flux Programs." 

mines the net heat transferred from the environment to the interior. 
However, incident flux adequately makes the point that distributions 
are different for these cases. 
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